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Introduction

@ Differently from optical photomask, EUV mask defect
inspection uses only reflected light
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Inspection test sample
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Reflectivity curve of EUV mask
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Optical property was optimized for defect inspection
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Evaluation tool

® Program defect size measurement
CD-SEM
: KLA 8250R
Pattern edge detection & area size measurement
: In-house software

® Defect print simulation
Kirchhoff simulation.

® Inspection tool : KLA586

Wave length 257nm / Pixel size 90nm
DD/ DB

s
P&l Solutions
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Programmed defect

Resist patterning  : 50kV EB writer with PCAR 300nm

Main pattern : 1.1 dense line
Main pattern size  : hp 260nm/180nm @ mask
Absorber
0 1 2 3 4 5 6 7 / 8 9
pin hole pin dot line cut bridge 1x1 clear 1x1 opaque 1x2 clear 1x2 c;)sa)z(e small CD large CD
extension extension extension extension

SEM images : main pattern size 260nm

"p&J Solutions
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Program defect size measurement
Defect size definition

1. Measured defect size = square root of area (nm)
SEM image pattern edge definition  area size measurement
| cmy
-
2. CD error = |defect line CD - reference line CD|
Defect size measurement results
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Defect printability simulation sample

Optical image on wafer Programmed defect SEM image
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Defect inspection results
~Si cap / CrN buffer structure : 260nm hp ~

| sample Mode Tool Pixel | Algarithm |Sensitivity| #runs sample Mode Toal Pixel | Algorithrm | Sensitivity | #runs
a | wibubber | DDR | KLASXE | PE0 UPA high 5 wit buffer | DDR | KLAGXE | PO0 UPA high ]
wibubher | DBR | KlLasxE | Pan UPA high 5 wifn buffer | DBR | KLASKE | P30 LUPA high 5
T T B 3 T 3 B 7 g 9
Mo
|
pin hole line cut l1x1 clear extension 1x1 opacjue exten(x2 clear extensio 1x2 opaque exten| small CD (line) | large CD (line)
sizela|b|c|d|size|la|b|c|d|size|la|b|c|d size|a|b|c|dfsize|a|b|c|d|size|la|b|c|d|size|la|lb|c|d|sze|a|b|c|d]|sizelalb|c]|d
5 50.7 214 330 1] 94 123
g 77 265 243 451 2546 L] na
7 854 3049 285 474 25 136 87
8 56.4 a4 422 18 P o o 1 | 172 40 184
g 129 54 443 0g aasl 6.9 i
1 154 1 516 308 17500 A0140) s08 1
il 161 20 64 546 | | 354 817 4080 632
12 164 |60 B 40] 640 - 724
13 168 882 529 764
14 175 5849 108 43
14 173 118 12 875
18 180 129 e 55
17 181 133 124 104
18 188 138 134 114
19 | 716 187 14 141 114
0] 887 150 150 150 126
2] 113 199 154 153 132
2| 1 198 164 160 139
2| 130 203 161 169 148
2 | 135 205 167 175 152
% | 142 206 172 184 158
X | 148 210 178 152 163
I o158 211 183 157 172
x| 19 215 187 206 181
0] 1 219 185 25 189
0 | 200 220 157 220 156
3| 203 225 188
32 | 209 224 199
3| 222 20§ 209 o
3| 298 230 210 5 /g CD er.r‘or‘
#® | M N
=l 22 2 ——10% CD error(by simulation)
L 239 223
3| 233 236 225 PER| 24| -1y
3 | 236 239 226 a10] - 261 | - 83.1] 785 |

Inspection sensitivity difference between w/ and w/o
buffer pattern was not observed
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Light intensity profile of defect

Defect ——— Reference

1x2 clear extension : defect size 82nm 1x2 opaque extension : defect size 51nm

0 500 1 000 1500 2000 0 500 1000 1500 2000
Position nm Position nm

= Good light intensity profile was obtained at 260nm pattern.

b~ N
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Defect inspection results
~Si cap / CrN buffer structure : 180nm hp ~

1x2 clear exten5|on defect :Defect size 93nm
sample Mode Tool Fixel Algorithm | Sensitivity|  #runs ’
a w huffer DDR KLADHE Pan P4 high o
b | wio buffer DDR RLADHE Fan LIPA high 5}
0 | 1 | 2 6
1 e ] I 5]
RS /| .
No | o P Bl | I .) '
| 70 | |
pin hole pin dot line cut Tul clear exteq Txl Upaque ex|1x2 clear exte Upaque exten]  small CD Iarge CD
size| a [ b |size| a | b |size| a | b size size size| a | b |size size size
0 17 04
1 11 2 ]
2 39 257 ]
3 75 7B
4 50 72 53
5 7 Er 24 7 1 > ! } J \.,J \y
B 79 24 27 43 ES 12 11
7 54 7 7 16 55 3 15 14 0 ) ) )
B 113 E3 40 26 5] i3 17 14 &0
E] 127 50 51 12 &3 45 z2[60 |20 18] 40 500 1000 1500 2000
10 131 54 &5 2 73|20 At 72 21| a0 i
11 136 fid 59 7 B4 &1 24 2 . pOSItIOﬂ nm .
12 42 75 51 Ex %2 72 7 % 1x2 opaque extension defect : Defect size 75nm
13 145 76 ] [E] o5 e 2% 28
14 148 103 76 50 103 3 0 25
15 151 106 a4 54 13 a9 24 a0
16 162 120 a7 56 s0ff 120 9% E2 2
153 123 a3 EE 126 102 E2 3
155 126 104 &7 133 118 ES IR
157 123 104 76 144 15 12 40
159 125 112 78 143 124 4 EE]
57 165 143 17 85 157 134 45 43
74 170 141 123 86 162 138 48 43
101 166 148 126 EE] - - -
119 170 147 149 100 o [
133 174 156 151 104
141 174 159 161 109 5 /O CD error ||
147 180 183 1685 118 10% CD error |
153 175 166 172 122
164 178 173 175 149 (by S|mUIat|On)
185 182 174 178 158, oo el py e e
Fl——— "“‘\.
f P&I Snl.utiuns

0 500 1000 1500 2000
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Defect inspection results

~ Ru Capping structure ~
~ 260 nm hp ~ ~ 180 nm hp ~

Maode Pixel Algorithm Sensitivity #runs Mode Pixel Algorithm Sensitivity #runs
DDR Fs0 UPA high 1 a DDR Fao0 UPA high 10
DBR 2] UPa, high 0
i 1 2 3 1 5 f 7 8 3 n 1 2 3 4 5 g 7 ] E]
1x1 162
Mo Ma | pinhole | line cut bridge bridge i :\e.ar opague EHCEET opague | small CD | large CD
extension T extension e
pin hole pin dot ling cut bridge 1x1 clear extens{1x1 opague exted 12 clear extensi2 opague extens]  small CD large CD
size| a b |size| a b |size| a b |size| a b |size| a b |size| a b |size| a b |size| a b |size| a b |size| a b size| a |size| a |size| a |size| a |size| a |size| a |size| a |size| a |size| a |sizel| a
i [i
1 30 13 1 40 18
2 29 3 7 29 51 24
3 8 57 55 3 12 EE £.1
1 52 7.0 5 4 52 95 78
4 64 30 n3 10 a 52 21 29 132 n
f 74 27 a7 18 10.2 12 5 75 20 27 ) 13 131 124
7 80 27 30 52 20 159 15 7 117 21 37 15 29 166 133
g 115 33 37 58 40 Al 18] 0 8 125 5 48 a2 40 [EE 150
9 148 51 50 27 62 53 19 17 9 131 52 49 35 i 52 N6 194
22 " 137 53 51 25 i 53 23 211
" 137 54 58 4 a3 g7| 30 |249 1
g 143| 20| 64 5 42 87 72 %8 “
iE] 145| 50| 87 78 a8 93 74 88 %54
4] 38 148 105 78 0] 4 103 86 M7 24
5| 56 152 12 g4| 80 ] 53 109 96 31 04
LN RRF 154 118 az| 0] 56 114 100 1 24
7 |135 156 126 93 62 167 105 4 B4
8 |40 158 128 101 63] 20|13 12 408 378
18 |43 159 133 103 7 142 17 413 an7
20 [156 184 140 108 74 146 127 44 4
21 [156 164 145 115 a0 157 132 48 4
2 {180 26 40f 185 150 122 a5 182 140 a1 44
23 [181 95 188 151 130 92 202 149 49 Ll
24 [188 119 172 160 156 95 207 153 52 4
2 {169 128 17 157 164 103 213 162 ar 52
% {176 137 174 165 167 107 020 185 60 ]
& {197 150 178 163 173 118 204 196 it 56
28 [180 194 177 168 175 124 207 218 L] 54
A 181 162 183 169 179 153 236 208 65 61
30 ) 180 164 183 180 183 164 236 229 it 3
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Sensitivity difference between hp260nm to hp180nm
Minimum defect size detected by DD mode

0 260nm size Si cap @ 260nm size CrN on Si B 260nm size Ru cap
0O 180nm size Si cap ®m 180nm size CrN on Si m 180nm size Ru cap
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¢ Inspection sensitivity of hp180nm pattern is slightly lower than hp 260nm pattern
¢ Inspection sensitivity of Ru capping sample is close to Si capping sample.

s
P&l Solutions
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DUV review images of real defect

Sample Si capping w/o buffer / Inspection mode : DDR
Defect sample A Defect sample B Defect sample C

Test image
Reference image

difference image

(Opaque defect exist at reference image)

" & Solutions'

Naturally occurring clear defects were not observed.
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Wafer print samples of program defect

Main pattern size 325nm hp on mask (65nm on wafer)

WAFER D &

o Wafer print images : ASET

._ '.P"P _.
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Summary

- EUV mask defect inspection was evaluated using current DUV
inspection tool.

« DUV inspection tool has potential for EUV mask defect

inspection.
(Need sensitivity improvement for 3X nm node and beyond)

« Inspection sensitivity difference was not observed between w/
and w/o buffer surface.

o Defect sensitivity of hp180nm pattern was slightly lower than
hp 260nm pattern.

« Inspection sensitivity of Ru capping sample was close to Si
capping sample.

Future work

- Defect inspection using smaller pixel size / shorter wave length light

I P& Solutions
I r w 1
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